Introduction {#s1}
============

Counterfactual thinking (CFT) is a specific type of conditional reasoning involving mental representations of alternatives to past situations that were once factual possibilities but which never occurred (Van Hoeck et al., [@B60]; Byrne, [@B10]). This process is mainly activated by negative outcomes in the form of "if only" conditional prepositions (Kahneman and Tversky, [@B31]; Roese, [@B49]; Byrne and McEleney, [@B11]). For instance, in the fictional scenario where you have arrived late for work, a counterfactual thought like *If only I had woken up earlier, I would had arrived on time* might be automatically generated.

Being regarded within the *norm theory* (Kahneman and Tversky, [@B31]) and in the *mental models perspective* (Byrne and McEleney, [@B11]), CFT appears to play a crucial role supporting adaptive behavior by enabling learning from past experiences (Epstude and Roese, [@B16]), modulating emotional state (Roese and Olson, [@B51]), promoting creativity (Markman et al., [@B44]), and supporting future planning and prediction (Smallman and Roese, [@B57]). Counterfactual reasoning also serves a behavior-regulating function, influencing behavioral changes and performance improvement (Epstude and Roese, [@B16]). From the perspective of the cognitive biases tradition, CFT is regarded as enhancing memory distortions that contribute to suboptimal decision-making (Roese and Olson, [@B50]), as well as being involved in the development of false-belief reasoning (Byrne, [@B10]). Thus, counterfactual reasoning appears to be a constructive process that requires of the integration of different cognitive functions and psychological processes to construct the internal representations of the target scenario (Van Hoeck et al., [@B60]). In accordance, although prefrontal cortex (PFC) areas seem to be the primary regions involved (Knight and Grabowecky, [@B38]; Gomez-Beldarrain et al., [@B22]), recent studies in healthy control subjects have proposed CFT to depend on an integrative network of systems for affective processing, mental simulation and cognitive control, including both cortical and subcortical structures. This proposal considers that counterfactual reasoning might actually rely on the coordination of multiple information processing systems that together enable adaptive behavior (Barbey et al., [@B6]; Van Hoeck et al., [@B59], [@B60]).

Regarding its assessment, activation of CFT is generally evaluated by focusing on two aspects: (1) the ability of individuals to spontaneously generate counterfactual alternatives; and (2) the assessment of factors that have been described to influence on the CFT generation, for instance the "causal order effect" (Wells et al., [@B63]) or the "unusualness" and "proximity" of the situation (Kahneman and Tversky, [@B31]; Kahneman and Varey, [@B32]).

Neurocognitive impairment is a core feature of schizophrenia and includes deficits in almost all cognitive domains (Heinrichs and Zakzanis, [@B28]). This impairment is already observable in the early stages of the disorder (Censits et al., [@B12]; Keefe et al., [@B37]; Crespo-Facorro et al., [@B14]; Cuesta et al., [@B15]) and seems to be present even before the initiation of treatment with neuroleptic drugs (Saykin et al., [@B53]). There is general agreement that neurocognitive performance is a strong correlate of schizophrenia patients\' real-world functioning (Green, [@B23]; Fett et al., [@B17]) and that psychopathology and cognitive deficits in schizophrenia are probably caused, at least partially, by distinct pathophysiological processes, given that these cognitive deficits are manifested similarly among patients who have attained symptomatic remission and also by those who have not (Green et al., [@B24]; Buckley et al., [@B9]; Krishnadas et al., [@B39]; Brissos et al., [@B8]). It is still unclear, however, whether this cognitive dysfunction (including non-social, social cognition, and reasoning biases deficits) remains steady, declines, or improves over the course of the illness (Bilder et al., [@B7]; Censits et al., [@B12]; Rund, [@B52]; Harvey et al., [@B25]; Heaton et al., [@B26]).

Different symptomatic remission criteria in schizophrenia have been developed over the years to facilitate research and support a positive, longer-term approach to studying outcome in these patients, including neurocognitive functioning (Kane, [@B33]; Leucht et al., [@B41]; Levine et al., [@B43]; Levine and Leucht, [@B42]). With this objective in mind, Andreasen et al. proposed in 2005 a remission criteria including two components: a symptom-based criterion (low scores on diagnostically relevant symptoms) and a time criterion (duration of 6 months). This criteria, which has been validated and supported by expert authors on this field (van Os et al., [@B61]; Opler et al., [@B46]), is defined as a score of ≤3 (mild) on eight selected items of the Positive and Negative Syndrome Scale (PANSS; Kay et al., [@B35]).

With the aim of adding to knowledge about both brain function in schizophrenia patients and the etiopathogenesis of the disorder, and given that schizophrenia is related to a PFC dysfunction (Goldman-Rakic, [@B21]), researchers are increasingly exploring counterfactual reasoning in these individuals. As a result of these studies, a general counterfactual reasoning disruption has been described in schizophrenia, including deficits in these patients\' ability to generate counterfactual thoughts, in their causality attributing pattern, and in their ability to make counterfactual-derived inferences (Hooker et al., [@B29]; Contreras et al., [@B13]). In addition, and alongside other non-social (Sitskoorn et al., [@B56]; Snitz et al., [@B58]) and social (Lavoie et al., [@B40]; Albacete et al., [@B2]) cognitive deficits that are shared by first-degree relatives of psychotic patients, difficulties in the generation of counterfactual thoughts have also been observed among non-psychotic first-degree relatives of people with schizophrenia (Albacete et al., [@B3]), suggesting that CFT impairment might be a promising candidate cognitive endophenotype for this disorder.

However, although all these findings suggest that CFT disruptions may be a potential target for new psychosocial or pharmacological treatment approaches (Van Hoeck et al., [@B60]), research on this topic is still scarce. With this objective in mind, the current study reports the assessment of counterfactual reasoning in the largest sample to date of schizophrenia patients in symptomatic remission and healthy control subjects. In accordance with previous research findings of our group, we hypothesize that schizophrenia patients in symptomatic remission will present a poorer performance on all CFT measures explored suggesting the independence of these deficits with symptom severity of the disorder. Using a naturalistic approach, specific objectives include the assessment and comparison between groups of the ability to generate spontaneous counterfactual thoughts, the "causal order effect," and the ability to make counterfactual-derived inferences. Further associations with symptomatology, illness duration, and sociodemographic characteristics are also explored.

Materials and methods {#s2}
=====================

Study design
------------

This case-control study was conducted in the Psychiatry Department of Bellvitge University Hospital, Barcelona, Spain. The Clinical Research Ethics Committee of our hospital approved all study procedures. All subjects gave written informed consent before inclusion.

Participants
------------

Participants were recruited from the outpatient services of this Psychiatry Department and two associated mental health centers in the same catchment area: the Polyvalent Mental Health Unit---Benito Menni CASM and the Mental Health Unit of L\'Hospitalet de Llobregat - Catalan Institute of Health.

Seventy-eight patients who met DSM-IV-TR (American Psychiatric Association, [@B4]) criteria for schizophrenia were included in the study. None of these patients had undergone electroconvulsive therapy or other brain stimulation therapies (rTMS or TDCS) in the last 6 months, and they all met the criteria for remission as defined by Andreasen et al. ([@B5]): a score of ≤3 (mild) on eight selected items of the PANSS (Kay et al., [@B35]) (P1, P2, P3, N1, N4, N6, G5, and G9) which is maintained for at least 6 months. Patients whose diagnosis included bipolar, schizoaffective, delusional, or other Axis I disorders were excluded. Eighty-four healthy control subjects were recruited from among hospital employees. In order to be eligible they had to have no history of personal (Axis I and Axis II) or family psychiatric disorder, substance abuse, or suicide attempt.

For both the patient and control groups, additional exclusion criteria were a history of head trauma involving loss of consciousness, an organic disease with mental repercussions, or an estimated intelligence quotient (IQ) below 70. Groups were matched by gender, age, and educational level (measured in years).

Measures and procedures
-----------------------

Mental and personality disorders were assessed in all potential participants prior to enrolment using the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I; First et al., [@B18]) and Axis II Personality Disorders (SCID-II; First et al., [@B19]). These individual testing sessions lasted 2 h on average. The clinical rating scales and neurocognitive tests were administered by experienced psychiatrists and psychologists from our team, who also collected the sociodemographic data.

### Sociodemographic characteristics and clinical assessment

Sociodemographic data was collected for all participants and included age, gender, educational level, and current occupational and civil status. The Vocabulary subtest of the Wechsler Adult Intelligence Scale-III (Wechsler, [@B62]) was administered to give an estimate IQ that was relatively resistant to postmorbid decline in the patients. The laterality was assessed through the Edinburgh Handedness Inventory (Oldfield, [@B45]). Psychopathology was assessed using the Spanish adaptation of the Positive and Negative Syndrome Scale (PANSS; Kay et al., [@B35]; Peralta and Cuesta, [@B47]). Level of functioning was measured with the Global Assessment of Functioning Scale (GAF; American Psychiatric Association, [@B4]). The daily dose of antipsychotic medication was calculated in chlorpromazine equivalents (Kane et al., [@B34]).

### Assessment of counterfactual thinking

Using set of three different measures, CFT was quantitatively assessed by exploring (1) the spontaneous generation of counterfactual thoughts and (2) some of the factors known to influence it, including the "causal order effect" and the specific characteristics of the situation (such as the "unusualness" or "proximity" of the situation) by using the Counterfactual Inference Test (CIT; Hooker et al., [@B29]).

On the basis of the research paradigm designed originally by Wells et al. ([@B63]), CFT generation and the "causal order effect" were firstly assessed. This paradigm consists of a scenario involving four consecutive independent events that result in a negative outcome. To avoid first-event bias, the order of the events was randomly changed using a 4 × 4 Latin square design. In the present study, the scenario, which was read aloud to each participant, involved an individual who hears on the radio that a store on the other side of town is offering big price reductions on a limited number of stereo systems. His/her progress in getting there is then impeded by four consecutive minor misfortunes: (a) a speeding ticket, (b) a flat tire, (c) a traffic jam, and (d) a group of elderly people crossing the street. Because of these events, he/she arrives late only to find out that the last stereo system has already been sold just a few minutes earlier. Two experiments were then administered in the following order:

#### Experiment 1: the causal order effect

In this first experiment, participants were asked to choose which one of the four events would they select in order to reverse the scenario. This procedure is based on previous research findings suggesting that CFT tends to be influenced by the order in which the information is presented. Specifically, this effect refers to the tendency among healthy control subjects to choose the first event of a sequence as the most decisive one for the final negative outcome (Wells et al., [@B63]; Segura et al., [@B54]). Those participants who were unable to select one event were assigned with the response type "reasoning blocking" to ensure that these answers were not considered as missing data.

#### Experiment 2: generation of counterfactual thoughts

In this second experiment, all participants were asked to say aloud all the possible alternatives they could imagine in order to avoid the final negative outcome of the scenario. These alternatives could be new original ones (e.g., "If only I had called and made a reservation in advance") or related to one of the misfortunate events (e.g., "If only I hadn\'t been speeding"). Two independent researchers filtered which answers were real counterfactual thoughts and which ones were illogical or bizarre answers (e.g., "I continued sleeping").

Finally, the *Counterfactual Inference Test (CIT)*, originally designed by Hooker et al. ([@B29]), was administered to assess the ability to generate counterfactual-derived inferences in front of different hypothetical social situations (for an overview of the test, see Table [1](#T1){ref-type="table"}). This self-reporting instrument is based on previous research which has shown not only how specific characteristics of the situation might influence the generation of an inference by enhancing CFT---i.e., situations with outcomes preceded by unusual rather than typical actions (Kahneman and Tversky, [@B31]) and events that seem "almost" (either spatially or temporally) to have occurred (Kahneman and Varey, [@B32]), but also how CFT, once activated, can influence the individual\'s affective and judgmental reactions to the situation (Kahneman and Tversky, [@B31]; Kahneman and Varey, [@B32]).

###### 

**The counterfactual inference test (Hooker et al., [@B29])**.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Scenario**                                                                                                                                                                                     **Response**
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------ ---------------------
  1- Reaction of upset (affective) in response to spatial "nearly happened" event\                                                                                                                 **a) Janet**\
  *Janet is attacked by a mugger only 10 m from her house. Susan is attacked by a mugger 1 kilometer from her house. Who is more upset by the mugging?*                                            b) Susan\
                                                                                                                                                                                                   c) Same/Can\'t tell

  2- Reaction of regret (affective) in response to an "unusual" event\                                                                                                                             a\) Anna\
  *Anna gets sick after eating at a restaurant she often visits. Sarah gets sick after eating at a restaurant she has never visited before. Who regrets their choice of restaurant more?*          **b) Sarah**\
                                                                                                                                                                                                   c) Same/Can\'t tell

  3- Reaction of rumination (judgemental) in response to a temporal "nearly happened" event\                                                                                                       a\) Ed\
  *Jack misses his train by five minutes. Ed misses his train by more than an hour. Who spends more time thinking about the missed train?*                                                         **b) Jack**\
                                                                                                                                                                                                   c) Same/Can\'t tell

  4- Reaction of avoidance (judgemental) in response to an "unusual" event\                                                                                                                        **a) Bob**\
  *John gets into a car accident while driving on his usual way home. Bob gets into a car accident while trying a new way home. Who thinks more about how his accident could have been avoided?*   b) John\
                                                                                                                                                                                                   c) Same/Can\'t tell
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*Typical pattern of responses---that is, the target counterfactual responses---are indicated in boldface (Hooker et al., [@B29])*.

The CIT presents a set of four scenarios in which two events with similar outcomes are experienced by two different individuals. The circumstances of each pair of events differ such that one of the individuals should think "if only" to a greater extent than the other does. The target questions vary so as to reflect different higher-order inferences: Scenario 1 focuses on a general affective reaction ("upset") in the context of a spatial "nearly happened" event, Scenario 2 on a general affective reaction ("regret") in response to an "unusual" event, Scenario 3 on a judgmental or cognitive reaction ("rumination") brought on by a temporal "nearly happened" event, and Scenario 4 on a judgmental or cognitive reaction ("judgements of avoidance/prevention") in the face of an "unusual" event. For each scenario, participants are given three possible answers: (1) a target counterfactual response, that is, the option where the subject would most probably think "if only"; (2) a non-target counterfactual response, that is, the option where CFT is also activated but is less likely; and (3) a "same/can\'t tell" answer, in the event that the participant considers none of the previous options to be suitable. The CIT Total score is calculated from the typical/normative pattern of responses, based on previous research using a sample of undergraduate control subjects (Hooker et al., [@B29]). Each scenario is given a maximum score of 1 if the subject chooses the normative response, that is, the target counterfactual answer; if the subject chooses any of the other answers the score assigned is zero. Consequently, the total score ranges between 0 and 4, with higher values indicating a response pattern closer to the normative pattern.

Statistical analysis
--------------------

Absolute and relative frequencies were calculated for categorical variables, whereas for continuous variables mean (M) and standard deviation (SD) were used for normally distributed variables and the median and interquartile range (IQR) for non-normally distributed variables. Differences between groups where explored by using Fisher\'s exact test and χ^2^ for categorical data, whereas the *t*-test and the Wilcoxon rank sum test were applied for parametric and non-parametric continuous data, respectively. Normality of distributions was checked using the Kolmogorov-Smirnov test. Multivariate linear regression analysis was used to examine differences between groups in Experiment 2 and in CIT Total score adjusted by age, gender, and estimated IQ. In all analyses, differences were assessed using a statistical test based on two-tailed significance at the 5% level (α = 0.05). Data were managed and analyzed using R 3.1.3.

Results {#s3}
=======

Sociodemographic and clinical characteristics
---------------------------------------------

Sociodemographic and clinical characteristics are presented in Table [2](#T2){ref-type="table"}. Compared with control subjects, more schizophrenia patients were single and either unemployed or retired at enrolment, and they also had a lower estimated IQ score.

###### 

**Sociodemographic and clinical characteristics of the sample**.

                                                                              **Schizophrenia patients (*n* = 78)**   **Healthy controls (*n* = 84)**   ***p*-value**
  --------------------------------------------------------------------------- --------------------------------------- --------------------------------- ---------------
  **SOCIODEMOGRAPHIC CHARACTERISTICS**                                                                                                                  
  Male gender, *n (%)*                                                        50 (64.1)                               45 (53.6)                         0.230
  Age (years)                                                                 40.2 (11.0)                             41.7 (12.2)                       0.759
  Educational level (years)                                                   9.8 (2.9)                               10.7 (2.9)                        0.050
  Employment status, *n (%)*                                                                                                                            \<0.0001
     Employed/Student                                                         18 (23.1)                               65 (77.4)                         
     Retired                                                                  39 (50.0)                               8 (9.5)                           
     Unemployed                                                               21 (26.9)                               11 (13.1)                         
  Civil status, *n (%)*                                                                                                                                 \<0.0001
     Married                                                                  13 (16.7)                               40 (47.6)                         
     Single                                                                   31 (36.9)                               57 (73.1)                         
     Divorced                                                                 8 (10.3)                                10 (11.9)                         
  Hand Dominance (right), *n (%)*                                             71 (91)                                 79 (94)                           0.760
  Estimated IQ                                                                97.1 (10.7)                             107 (10.8)                        \<0.0001
  **CLINICAL MEASURES**                                                                                                                                 
  Age at onset of schizophrenia (years), *median (IQR)*                       23.43 (19.0--28.7)                                                        
  Duration of the illness (years), *median (IQR)*                             15.02 (7.39--24.26)                                                       
  Readmissions (episodes), *median (IQR)*                                     2.00 (1.00--3.00)                                                         
  Suicide attempts (none), *n (%)*                                            60 (76.9)                                                                 
  GAF                                                                         65.2 (7.8)                                                                
  Pharmacological treatment[^a^](#TN1){ref-type="table-fn"}, *median (IQR)*   550 (350--888.25)                                                         
  PANSS dimensions                                                                                                                                      
     Positive symptoms                                                        13.26 (3.06)                                                              
     Negative symptoms                                                        20.75 (4.60)                                                              
     General psychopathology                                                  34.92 (7.28)                                                              
     Total score                                                              68.9 (13.1)                                                               

*Values presented as means (standard deviation) unless otherwise specified. IQR, interquartile range; GAF, global assessment of functioning; PANSS, positive and negative syndrome scale*.

*Milligrams per day of chlorpromazine equivalents*.

Experiment 1: the causal order effect
-------------------------------------

No differences were observed between groups when choosing one event as being the most relevant for reversing the scenario (*p* = 0.197); in other words, the general pattern of response was not different between groups. Specifically, results showed that both patients and controls tended to choose the first event as the main determinant. The proportion of participants unable to choose any of the events (i.e., the "reasoning blocking" answer) was not significantly different between the two groups (*p* = 0.078).

Experiment 2: generation of counterfactual thoughts
---------------------------------------------------

Schizophrenia patients in symptomatic remission not only generated significantly fewer spontaneous alternatives (including both real and non-real counterfactual thoughts, *p* = 0.000) but also fewer counterfactual thoughts in comparison with healthy controls (*p* \< 0.0001). These significant differences were independent of gender, age, and estimated IQ (*p* \< 0.0001; Figure [1](#F1){ref-type="fig"}).

![**Number of counterfactual thoughts generated by groups of study (Experiment 2)**.](fpsyg-07-02048-g0001){#F1}

CIT: generation of counterfactually derived inferences
------------------------------------------------------

Two significant differences were found between groups on the CIT (Table [3](#T3){ref-type="table"}): whereas in Scenario 1 (upset in a spatial "nearly happened" event) patients chose the target-counterfactual answer more frequently (*p* = 0.011), in Scenario 3 (rumination in a temporal "nearly happened" event) the group of schizophrenia patients chose the target-counterfactual response significantly less often than did controls (*p* = 0.034). However, there was no statistically significant difference between the groups in CIT Total score (*p* = 0.594).

###### 

**CIT results: descriptive and comparative analysis of the counterfactually derived inferences assessment**.

                                                                        **Schizophrenia patients (*n* = 78)**   **Healthy controls (*n* = 84)**   ***p*-value**
  --------------------------------------------------------------------- --------------------------------------- --------------------------------- ---------------
  Total score, *n (%)*                                                                                                                            0.594
  0                                                                     8 (10.4)                                7 (8.3)                           
  1                                                                     17 (22.1)                               18 (21.4)                         
  2                                                                     27 (35.1)                               29 (34.5)                         
  3                                                                     19 (24.7)                               22 (26.2)                         
  4                                                                     6 (7.8)                                 8 (9.5)                           
  Total score, *median (IQR)*                                           2.00 (1.00--3.00)                       2.00 (1.00--3.00)                 
  Scenario 1: *Upset in spatial "nearly happened" event, n (%)*         0.011                                                                     
  Target counterfactual response                                        29 (37.7)                               22 (26.2)                         
  Non-target counterfactual response                                    15 (19.5)                               7 (8.3)                           
  Same/can\'t tell                                                      33 (42.9)                               55 (65.5)                         
  Scenario 2: *Regret in unusual event, n (%)*                          0.150                                                                     
  Target counterfactual response                                        34 (44.2)                               50 (59.5)                         
  Non-target counterfactual response                                    22 (28.6)                               17 (20.2)                         
  Same/can\'t tell                                                      21 (27.3)                               17 (20.2)                         
  Scenario 3: *Rumination in temporal "nearly happened" event, n (%)*   0.034                                                                     
  Target counterfactual response                                        45 (58.4)                               59 (70.2)                         
  Non-target counterfactual response                                    24 (31.2)                               12 (14.3)                         
  Same/can\'t tell                                                      8 (10.4)                                13 (15.5)                         
  Scenario 4: *Judgements of avoidance in unusual event, n (%)*         0.840                                                                     
  Target counterfactual response                                        43 (55.8)                               43 (51. 2)                        
  Non-target counterfactual response                                    16 (20.8)                               19 (22.6)                         
  Same/can\'t tell                                                      18 (23.4)                               22 (26.2)                         

*IQR, interquartile range*.

CFT and sociodemographic and clinical measures in schizophrenia patients
------------------------------------------------------------------------

The results in Table [4](#T4){ref-type="table"} suggest that among schizophrenia patients a less frequent generation of counterfactual thoughts (Experiment 2) was negatively associated with all PANSS dimensions (Positive symptoms, *p* = 0.007; Negative symptoms, *p* = 0.015; General symptoms, *p* = 0.050; Total score, *p* = 0.011) and with more than 10 years of illness duration (*p* = 0.028), with this analysis being adjusted by gender, age, and estimated IQ. However, no significant associations were found between performance in Experiment 1 or on the CIT and any of the clinical measures examined, including the daily dose of antipsychotics. None of the sociodemographic characteristics were related to performance on any of the CFT tasks administered.

###### 

**Multivariate linear regression analysis to evaluate clinic factors associated with the generation of counterfactual thoughts among schizophrenia patients**.

  **Schizophrenia patients**              **Coeff[^\*^](#TN2){ref-type="table-fn"}**   ***t*-value**   ***p*-value**
  --------------------------------------- -------------------------------------------- --------------- ---------------
  Duration of illness (years)             −0.041                                       −1.857          0.067
     \<10 years vs. ≥10 years             −0.746                                       −2.243          0.028
  Readmissions                                                                                         
     None vs. 1 episode                   −0.008                                       −0.021          0.983
     None vs. 2 episodes                  0.200                                        0.469           0.641
     None vs. 3 episodes                  0.364                                        0.908           0.367
  Suicide attempts (number of episodes)                                                                
     None vs. at least one                −0.087                                       −0.294          0.770
  GAF                                     0.002                                        −0.114          0.909
  Pharmacological treatment               −0.000                                       −0.591          0.556
  PANSS dimensions                                                                                     
     Positive symptoms                    −0.104                                       −2.783          0.007
     Negative symptoms                    −0.064                                       −2.497          0.015
     General psychopathology              −0.032                                       −1.995          0.050
     Total score                          −0.023                                       −2.606          0.011

*GAF, global assessment of functioning; PANSS, positive and negative syndrome scale; Coeff, coefficients*.

*Adjusted by age, gender, and estimated IQ*.

Discussion {#s4}
==========

The present study extends previous results of our group by reporting the assessment of counterfactual reasoning in the largest sample to date of schizophrenia patients in symptomatic remission and healthy controls. In addition, potential associations with sociodemographic characteristics, symptomatology, and illness duration have been further examined. As a result, the main finding of the study is that, compared with controls, schizophrenia patients with symptomatic remission significantly generate fewer counterfactual thoughts when faced with a simulated scenario. Regarding the effect of external factors influencing CFT, results also suggest a significant deviation from the normative pattern among patients when counterfactually deriving inferences. However, no significant differences are found regarding the causal attribution pattern. Finally, among patients, deficits in the CFT generation appear to be negatively related to scores on all dimensions of the PANNS, as well as to longer duration of illness.

Compared to what is normally expected in the general population, patients with schizophrenia in a state of symptomatic remission seem to generate significantly fewer spontaneous alternative representations using CFT in the face of a fictional situation with a negative outcome. These findings reinforce the hypothesis that schizophrenia is a mental condition in which patients have difficulties in using conditional reasoning to re-imagine a negative outcome in a positive way, a process that enables the activation of alternative representations for dealing with reality. Alongside recent findings among unaffected first-degree relatives of schizophrenia patients (Albacete et al., [@B3]), the present results also add to our knowledge of cognitive deficits as core features of schizophrenia since these deficits do not seem to be simply the result of symptoms or the pharmacological treatments administered for the illness---i.e., do not seem to share the same underlying pathological process causing the clinical symptoms of the disorder (Gold, [@B20]; Green et al., [@B24]).

Interestingly, our data analyses also reveal significant negative associations between CFT generation and scores on the PANSS, including total score and all three symptom dimensions. These results indicate that, although on average PANSS scores were mild, those patients with greater symptom severity tend to generate fewer counterfactual alternatives. This suggests that although these deficits might not be the result of symptoms, they may be influenced by them. This would be in line with previous literature that has related classic symptomatology of the disorder to other neurocognitive deficits (Addington et al., [@B1]; Shurman et al., [@B55]; Keefe et al., [@B36]).

The results of this experiment also show that schizophrenia patients with longer illness duration are those who tend to generate fewer counterfactual thoughts, suggesting that this deficit does not settle into a stable pattern but, rather, tends to deteriorate over time in schizophrenia. This would be contrary to previous research indicating that cognitive impairment, including non-social, social cognition, and reasoning biases, remains stable over time regardless of changes in clinical state (Heaton et al., [@B27], [@B26]; Rund, [@B52]; Peters and Garety, [@B48]; Horan et al., [@B30]). Our findings therefore appear to warrant further investigation, for instance, by conducting follow-up studies.

Regarding the ability to counterfactually derive inferences, results of the CIT suggest that, compared with controls, the schizophrenia patients react with greater upset in the face of a spatial "nearly happened" event (Scenario 1). Whereas from a clinical point of view this stronger general affective reaction might be related to positive symptoms of the illness such as hostility, from a functional point of view this biased inference generation would lead to difficulties in these patients\' ability to deal with interpersonal relationships.

Our analyses also revealed that in comparison with controls, schizophrenia patients react significantly less often with rumination in the face of a temporal "nearly happened" event (Scenario 3). Consistent with previous results reported by our group (Contreras et al., [@B13]), this tendency to disregard the negative outcome of a social event might be related to negative symptomatology such as blunted affect or emotional withdrawal. This diminished reaction might also be associated with poor psychosocial and vocational functioning among these patients.

Furthermore, the analysis of CIT Total score suggests that schizophrenia patients and healthy controls perform similarly when deriving inferences from CFT. However, it should be noted that the total score of 2/4 found in healthy controls is not consistent with the normative pattern (i.e., a total score of 4/4) originally proposed by Hooker et al. ([@B29]). In fact, previous studies by our group also failed to observe a score of 4/4 among controls, with these subjects tending to score 2 or 3 instead (Albacete et al., [@B3]; Contreras et al., [@B13]). Thus, given that the pattern of response differs significantly between studies not only on total score but also for each scenario, further research is required to elucidate the role of CFT in the generation of cognitive inferences. Importantly, this would entail revising the CIT design and improving test reliability, for instance, by extending the number of scenarios.

Finally, results of the causal order effect\' experiment show that influences CFT similarly in both groups, in other words, the response pattern when deciding which of the events is more decisive does not differ between patients and controls. Moreover, and as observed in the general population (Wells et al., [@B63]), both groups tend to choose the first event as being the most determinant. Contradicting previous findings in a smaller sample of schizophrenia patients who did not meet criteria for symptomatic remission (Contreras et al., [@B13]), the present results might be cause for optimism since they indicate a normative pattern of causality attribution in schizophrenia.

The present study has a number of shortcomings that should be acknowledged. First, although the number of participants is greater than in previous studies exploring CFT in schizophrenia, an even larger sample might have achieved better statistical power. Second, the case-control design prevents us from drawing conclusions as to whether the CFT impairment observed originates after or before the onset of the illness, although it should be noted that in order to avoid a potential effect of greater cognitive deterioration among older schizophrenia patients, healthy subjects were matched by age, gender, and years of education.

In conclusion, the present study seems to confirm the presence in schizophrenia of impairment in the ability to generate spontaneous counterfactual thoughts. This deficit is present despite the fact that patients are in symptomatic remission, suggesting the independence of this deficit alongside other reported neurocognitive deficits in schizophrenia (i.e., the findings support the consideration of cognitive impairment as being a core feature of the disorder). However, the present results also suggest that clinical factors such as classic symptomatology and illness duration might have a negative impact on the ability to generate counterfactual thoughts. Longitudinal studies might therefore be warranted in order to extend and confirm these findings. It should also be noted that schizophrenia patients deviated from the normative pattern when deriving inferences from CFT in situations involving reactions of regret and rumination in the face of a "nearly happened" event. Finally, the results also suggest that the causal attribution pattern is preserved among these patients.

Given the potential ecological impact that impaired counterfactual reasoning may have on the day-to-day functioning of these patients (Roese and Olson, [@B51]), a disruption in the generation of counterfactual thoughts and inferences derived from CFT might be considered a new putative target for future psychosocial or even pharmacological treatment approaches. Further research is required to better describe how these deficits are related to symptomatology and functional outcome in this disorder, for instance by developing new tools of counterfactual inference assessment. Finally, it would also be interesting to explore whether the proposed integrative network of systems supporting CFT is disrupted in schizophrenia by using neuroimaging techniques.

Ethics statement {#s5}
================

This study was carried out in accordance with the recommendations of the Clinical Research Ethics Committee of the Bellvitge University Hospital with written informed consent from all subjects. All subjects gave written informed consent in accordance with the Declaration of Helsinki. The protocol was approved by the Clinical Research Ethics Committee of the Bellvitge University Hospital.

Author contributions {#s6}
====================

AA and FC contributed to the management of the literature searches, design of the study, carried out the cognitive explorations and undertook the statistical analysis. CB, EG, and ÁA contributed in the sample recruitment and psychopathological evaluations. JM supervised the data collection, contributed to the management of the literature searches and assisted with study design. All authors participated in the writing process, read and approved the final manuscript, and are in agreement to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated and resolved.

Funding {#s7}
=======

This work was supported by the Spanish Ministry of Science and Innovation, the Carlos III Health Institute (PI11/02221) and the University of Barcelona (AA, APIF-UB grants).

Conflict of interest statement
------------------------------

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

The authors thank Cristian Tebé from the Statistical Assessment Service from Bellvitge Biomedical Research Institute-IDIBELL for his role in the statistical analyses and all of the study participants.

[^1]: Edited by: Anna Abraham, Leeds Beckett University, UK

[^2]: Reviewed by: Berangere Thirioux, Centre Hospitalo-Universitaire Henri Laborit, France; Szabolcs Keri, University of Szeged, Hungary

[^3]: This article was submitted to Psychopathology, a section of the journal Frontiers in Psychology

[^4]: †These authors have contributed equally to this work.
